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 I. Introduction 
    The problems on the annular waves 
produced by the deformation of a portion of 
the bottom of a sea of uniform depth have been 
investigated by K. SANO and K. HASEGAWA 
(1915), S. SYONO (1936) and R. TAKAHASI 
(1942, 1945). K. SEZAWA and K. KANAI (1942), 
and T.  ICHIYE- (1950) investigated the prob-
lems confined to one-dimensional case. R. 
TAKAHASI (1947) also dealt with the similar 
case, as there happens sometimes a tsunami 
which suggests an elongated source as can be 
considered one-dimensional, at least in the 
neighbourhood of its origin. He supposed that 
a long belt-like portion of finite width of the 
bottom to be elevated uniformly with a con-
stant velocity during a given interval of time. 
In the present paper, the authors intend to 
investigate the same problem as TAKAHASI's 
(1947), under the assumption that a belt-like 
portion of considerable width of the bottom of 
a sea to be elevated gradually, not suddenly,
the  apparent discontinuity of the motion being 
evaded in this way. The depth of the sea is 
supposed to be very shallow as compared with 
the width of the deformed portion of the 
bottom. 
 2. Theoretical Consideration 
    The sea is assumed to be of uniform 
depth H, and the water is considered to be 
incompressible. We take the origin of the 
coordinates at the undisturbed sea surface, x-
axis horizontally and z-axis vertically down-
wards. The elevation of the sea surface is 
denoted by and the velocity of the upward 
motion of the sea bottom by  17. and  7)  are 
considered to be the functions of x and t only. 
 17 is supposed to be expressed as 
 sj(x,t)  =  f(x)-x(t). 
The elevation of the sea  surface can be 
expressed by following formula according to 
 TAKAHASI's calculation,
 — 
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Similarly the integral in the second term of (9), becomes 
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As the expression (13) contains only the exponential functions and the error 
numerical value of can be calculated easily by the aid of the mathematical  tabl 
  3. Results  of Numerical Calculation 
    According to the assumptions (3) concerning to the velocity of the elev 
bottom, the final elevation y of the sea bottom is given by 
            X2 t2  p2 
          — 
 yAect2e b2 dtihr bA e , 
and the value of y at the origin x 0, is 
 yo  bA 
The elevation of the sea bottom at the origin at any instant t is 
                                  t2                                           -1/  Yi  –Af dt                   2bA± b )_ 
In order to see the general feature of the waves expressed by (13), let us assume 
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          Fig. 1. The  Elevation of the Sea  Bottom ((A) 
   The curve (A) in the figure 1 represents 
the final elevation y of the sea bottom, and the 
curve (B) in the same figure gives the relation 
between the elevation  ye of the sea bottom at 
the origin and the time. The greater part of 
the upward motion of the sea bottom occurs 
during about 5 sec. These figures  show that 
the assumptions (17) may be considered to 
represent, to some degree at least, the condi-
tions  which may occur  in the case of actual 
severe tsunami. 
   The other curves in the figure 1 represent 
the elevation of the sea surface at  f  — -1, 0, 1, 
5, 25, 125, 250, 375, 500, 625, 750 sec. At first 
the sea surface assumes nearly the same form 
as that of the elevation of the sea bottom. The 
heap of the sea water produced in this way 
spreads outward and begins to subside near 
the origin. After some interval of time, the 
heap is divided into two distinct waves of
 210. (B);  y3 and the Motion of the Waves. 
similar form, but of half height  of the original 
heap, one of which propagating to the positive 
direction and the other to the negative direc-
tion of the x-  G2s  Sec 
axis with the 
velocity  V gh 
 — 0.198 km/sec 
respectively. 
 375 
 In the  figure 
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   When we change the value of 
a  or b, the mode of the motion 
of the sea surface is varied. The 
mode of the upward motion of 
the sea bottom at the origin with 
respect to the time is shown in 
the figure 3, when b is 1, 2, 4, or 
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The Upward Motion of  the Sea 
Bottom at the Origin. 
     In the figure 4 is shown the 
  relation between the elevation of 
 the sea surface at the origin and 
  the time, when we put  a:25, 50
 SOO  600  Secand 100 km. The figure 5 shows                th
e relation between the maxi-
              mum height of the elevation of
               the sea surface at the origin and
               the value of b. We can see that
               the maximum elevation of the 
I2Sec sea surface is the same as that 
              of the sea bottom when b is
   mall, i. e. the deformation of the sea bottom
   akes place very suddenly, and the maximum 
 • elevation of the sea surface diminishes con-
   siderably when b is large,  i. e. the elevation of 
   the sea bottom takes place very  slowly, 
    4. Summary 
      We obtained a convenient formula to calcu-
   late the motion of the waves produced by one-
- dimensional deformation of the bottom of shal -
   low sea of uniform depth, when the deformation 
   takes place gradually. And performing some 
   numerical calculations, we discussed the mode 
   of the motion of the waves for some cases.
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